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P R E F A C E
P estic id es  a re  synthetic  chem icals w id e ly  used fo r  protecting  crops 
from  pests. Though the ir  short-term  ben e fits  a re  undeniable they a re  <Jon- 
sidered  as  hazardous because  o f  their in te rfe ren ce  w ith  the environm ent. 
Pestic ides w h e reve r  app lied , u ltim ate ly  find  the ir  w ay  into  w ate r  bodies  
a ffe c t in g  aquatic  fauna e spec ia lly  the fish.
A c u te  tox ic ity  test is only a  firs t  step  in m onitoring the e f fe c t  
o f  po llu tants. Responses o f  fish  to  chronic stress a re  usually  predicted  
from  w a te r  quality  standards (e .g ., LC 50  tests ), l i f e  cyc le  tox ic ity  tests  
or changes in  s ir^ le  or a  fe w  b io log ica l va riab les . Such approaches m ay  
be genera lly  accep tab le  fo r  acute  tox ic ity  studies: or fo r  screen ing  the 
e ffe c ts  o f  contam inants on a  short-term  basis, but they a re  le ss  appropriate  
fo r  prov id ing  in form ation  on in tegrated  responses o f  fish  to  chronic environ­
m ental stress.
P estic id es  in te rfe re  w ith  carbohydrate , protein, and lip id  m etabolism , 
ion transport, n erve  conduction and the en ergy  production a t b iom olecu lar  
le v e ls  due to  uncoupling o f  ox idative  phosphorylation. The e f fe c t s  a re  
s i ^ e s t e d  to  be m ed iated  by  adsorption  into  blood through resp irato ry  sur­
faces , and then the ir  d istribution  in d if fe re n t  tissues resu lting  in num erous  
d am t^ in g  in teractions to  the o i^an ism . The lo n g  stay ing e f fe c t  o f  pesticides  
also  causes serious d am ages  to  various organs in fishes. The d egree  o f  
dam age  to  the organs helps in d e te rm in ir^  the tox ic ity  o f  pesticides. The
live r and k idney a re  the v ita l o rgans which eas ily  g e t  a ffe c ted  by the 
pollutants.
Besides con tributing  to  the capture fisheries, m ullets form  one o f  
the m ost highly cu ltured  group  o f  fishes. In fact, it is opined that the 
sign ificance o f  m ullet resources lies not so much in the ex isting capture  
fisheries, but in their po ten tia l as cu ltivab le  fishes fo r  extensive and inten­
sive fish  fa rm ir^ . A m ong the m ullets, a long  w ith  M ugil cephalus, ow ing  
to its resistance to environm ental changes L iz a  parsia  gained considerable  
im portance as a  candidate species fo r  aquacu ltu re . On account o f  this 
and due to  its econom ic va lue  L iz a  parsia  w as se lected  as the test species 
in the present study.
The guideline in this w ork  is to eva lu ate  the acute  tox ic ity  range  
o f "N uvan ", find out a lte ra tion s i f  any in the biochem ical com position in 
blood and m uscle, and physio logical study including h isto log ica l disorders 
in kidney and live r tissue.
I wish to express m y deep  sense o f  gratitude to  my supervising  
teacher. D r .A . N ob le , P rin c ipa l Scientist, C M F R I, Cochin fo r  his constant 
advice, guidance and w ho lehearted  support through out the course o f  the 
study and in the p reparation  o f  the m anuscript. I express m y thanks to  
Dr. P .S .B .R . Jam es, D irec to r , C M F R I fo r  the fac ilit ie s  provided. I am 
deeply indebted to  D r. A .D . D iw an , S -3  w ithout whose help my w ork  would  
not have been com p lete . I w ish to  express my sincere thanks to
Dr. K .A lagara ja , Principal Scientist, Shri. K. Narayana Kurup, Scientist 
Selection Grade and Shri.M .Kartikeyan, Scientist for helping me in statistical 
analyses- 1 am g ra te fu l to D r. S.C. Mukherjee, S-3, C M FR I for helping 
me in identification o f pathological conditions in histological sections.
I express my thanks to  Shri. A . Nandakumar, Technical Assistant for his 
timely help in setting up laboratory and conducting experiments. I take 
this opportunity to thank a ll my classmates, Senior and Junior Scholars 
for their help and encouragem ent. I am grate fu l to IC A R  for awarding  
me Junior Research Fellowship during the course o f  study.
I N T R O D U C T I O N
The pestic ides which dra in  into w a te r  bodies through rain, agricu ltu ra l 
ru n -o f f ,  d ischarge  o f  industria l e fflu en ts and dust storm s over cu ltivated  
land and industria l a rea s  cause degradation  and d isaster to  the aquatic  
ecosystem . But considering the usefu lness o f  the pesticides and since no 
other chem ica ls a re  found su itab le  to  rep lace  them , w e  cannot presently  
S l i e s t  a  ban on the use o f  pesticides. Pestic ides o r  the b ioc idal agricu l­
tu ra l chem ica ls  that include insecticides, acaric ides, nem atocides, rodenticides, 
herb ic ides and fungicides have go t vast app licab ility  in agricu ltu re  and 
fo restry . O f  these, insectic ides which include organoch lcrines, o rgano - 
phosphates, th iocyanates and carbam ates a re  the m ost w ide ly  used.
O rganoch lorine persists in the environm ent and accum ulates in d iffe ren t  
tissues. Its use as pestic ides in ag ricu ltu re  has given  rise  to  criticism  in 
recen t y ears  prom pting to  p re fe r  organophosphates by  m ost o f  the agricu l­
turists. The w ate r so lub le  organophosphate insectic ide "N u van " is w idely  
used in  the KoUeru reg ion  o f Andhra P radesh  fo r  contro l o f  ectoparasites  
such as  Lern ea , A rgu lus, e tc . (M uthu ^  1988). But the long range  
e f fe c t s  o f  this p ra c tic e  a re  not known. T he  chem ical "N uvan  Fish 500 
E C "  has been  gran ted  a  U .K . G overnm ent product licence fo r  use as  m edicine  
in sa lm on  fa rm in g  to  tre a t  against the sea  lic e  (Anon . 1989). The use  
o f these  chem ica ls in  sa lm on  fa rm in g  app ears  to  have de leterious e ffe c ts  
on m arine in ve rteb ra te s  species (Egid ius and M oester 1987). Stephanie  
Pain (1989 ) links the ep idem ic  o f  ey e  d isease  in salm on o f  the w ild  to  
the use o f  "N u van  500 E C "  in  fa rm s.
In gen e ra l, leve ls  o f  chem ical pollutants a re  higher in coastal than 
offshore a rea s  and st ill higher in those a rea s  associated  w ith  intense human 
activities-
The back w aters  and estuaries serve  as  nurseries for many organism s 
including sev e ra l com m erc ia lly  im portant species o f  fishes and prawns. 
L iza  parsia  (H a m ilto n  A: Buchanan) a  b rack ishw ater species o f  econom ic  
im portance inhabiting both the coasts o f  India (F A O  1984) spends m ajority  
o f its l i f e  stages  in estuarine condition. D uring this period it is subjected  
to  the tox ic ity  o f  severa l pollutants d ischarged into the environm ent; 
acciden ta lly  or d irectly . The leve l o f  tox ic  e ffe c ts  on fishes have been  
experim enta lly  iden tified  fo r  organophosphate chem icals by Rao(1974), Anees  
(1975), Saiiatha  a^. (1981), Verm a ^ . (1 9 8 2 ),  Pal (1983) and Ravikum ar 
and G up ta  (1988).
Responses by  individual organism s to  changes in the environm ent, 
including pollutants can be m easured as physio logical and o r  biochem ical 
events (B ayne  1986, Conner and H uggett 1988). The form er may lack  speci­
f ic ity  but re la te  d irectly  to  the fitness o f  the individual. The la te r  provides 
sp ec ific ity  and increased sensitivity but m ay be d ifficu lt  to  re la te  d irectly  
to tra its  o f  phenotypic fitness (U the  _et ^  1980). Together they a re  usefu l 
in assessm ents o f  en v iron m e n ta l im p a ct, and current tox ico log ica l research  
provides a  cogent in tegra ted  fram e -w o rk  fo r  quantify ing pollution  dam age.
A cu te  tox ic ity  is rate  in natural environm ent. Som etim es it occurs  
due to acc iden ts o f  d irec t  app lication  o f pesticides. Volum inous literatu re , 
on the o th er hand, is a v a ila b le  on the acu te  toxicity  o f  organophosphates
to fishes (M atton  and L a lla m  1969, Symons 1973, Shakoori ^  1976, 
Konar 1977, S ha ffi 1980, Qureshi ^  1983, Rashatwar and Ilyas 1984, 
Pa l and K onar 1985) and decapods (E isler T969).
In the long run, the sub -letha l concentrations may prove more dele­
terious than the le tha l concentrations, because subtle and sm all e ffec ts  
on the fish  m ay a lte r  their behaviour, feed ing  habits, position in the school, 
reproductive  success, e tc . Subtle e f fe c t s  a t  the organ  or ce llu lar level 
m ay a lte r  the m etabolism  o f  the fish  and hence its ab ility  to  withstand  
stress. Even i f  the fish  is not d irectly  a ffe c ted , any e f fe c t  on its food  
organ ism s m ay result in a  starved  population o f  fish. The e ffe c ts  o f  sub- 
le tha l exposure to  organophosphates in re la tion  to grow th , behavioural, 
b iochem ical, h isto log ica l and physiological a lteration s in the body have 
been studied fo r  fish  (B u ll and M clnerney 1974, Thom as and Murty 1976, 
Konar 1977, Mukhopadhyay and Dehadrai 1980, R am alingam  and Ram alingam  
1982, A w asth i _et 1984, D esai ^  1984, Basha _et 1984, Kumar 
and A lam  Ansari 1986, Basham ohideen ^  1987, Kh illare and W agh 1988), 
decapods (Shukla and Shukla 1985) and Lam ellidens m arginalis (Aham ed  
1978).
R ecen tly  much attention  has been paid to eva luate  the hazards  
o f  pestic ides on the physio logy o f the non -ta rget organism s both at lethal 
and m ore o ften , a t  su b -ie th a l leve ls . The sym ptom s genera lly  invo lve respira­
tory d istress, increase  in the g lyco ly tic  rate, changes in o x id a t iv e  m etabolism , 
ionic concentration , enzym e activ ity , endocrine activ ity , osm oregulation , 
etc. A s  such resp ira to ry  changes are  used as good ind icators o f  stress
on fishes (D a le la  ^  ^  1980a, and Murty 1986). Several studies have been 
done on resp iratory  metatx>Iic d isturbance, opercu lar m ovem ent, respiration  
rate , e tc . o f  fish  due to  po llu tion  stress. Som e o f  the recent Indian contri­
butions on this a re  L in gara j and Venugopalan (1978), Singh and Singh (1979), 
Rao ^  (1980), R am alingam  and Srin ivasa Rao (1982), Bakthavathsalam  
and Srin ivasa R eddy (1983 and 1985), P a te l and Saxena (1983), Basha et 
^ . ( t 9 8 4 ),  J aw a le  (1985), P a l and Konar (1985), Basham ohideen ^  ^ .(1 9 8 7 ) 
and Singh ^  (1987).
P rote in  represents an enorm ous group  o f  com plex n itrogenous com p­
ounds having high m olecu lar weight found in a ll living ce lls . W herever 
they occur, they play v ita l ro le  in the b io log ica l functions and serve as 
building b locks for ce llu la r  and organ ic  structu res. The plasm a proteins 
help in the m aintenance o f  ac id -base  ba lance  and osm otic pressure o f  the 
body flu ids. P lasm a prote in , being a source o f  nutrition to  tissue proteins, 
establishes a  dynam ic equ ilibrium  with the proteins o f  the tissues. In condi­
tion o f  protein  de fic iency  tissue proteins a re  broken down to  maintain the 
plasm a protein  le v e l (Shanm ugam  1977). T here  a re  reports on the changes 
induced by pollutants on protein  content o f  serum  (C h itra  and Ratnana 
Rao 1980, Saxena and M ani 1985, Kai 1987), m uscle tissue (Panigrah i and 
M ishra 1980, Ram alingam  and R am alingam  1982, Verm a and Tonk 1983, 
Sashikala e t 1985, Sastry  e t 1987, and Parveen  1987), liver
and kidney (D u ba le  and Shah 1981a, Dubale  and Awasth i 1982, Verm a and 
Tonk 1983, A w asth i ah  T984, Kum ar and AJam Ansari 1986, and Parveen  
et a l.1987). iVIustafa (1977) has studied the c f fe c t  o f m aturation  on the
m uscle protein  content o f  the fish. Aham ad  ^  ^ .(1 9 7 8 ) have studied the 
e ffe c t  o f  m alath ion ,on  the m antle protein  content o f  Lam ellidens m arginalis.
The m agnitude o f  change in tota l fre e  am ino acids o f  fish has been  
studied by  seve ra l w orkers in re lation  to  d iffe ren t  concentrations o f  chem icals  
and exposure periods in b lood  (M ukhopadhyay and Dehadrai 1980, Dabrowska  
and W a lasow  1986), m uscle tissue (Sash ikala ^  1985) and live r (Kum ar 
and A lam  Ansari 1986).
Phosphatase com prises o f  a  la rge  group o f hydrolysing enzym es involved  
in the process o f  d igestion  and in term ed iary  m etabolism . They a re  present 
in the b lood as alkaline phosphatase and ac id  phosphatase. The alkaline  
phosphatase has an optim um  pH o f about 9 fo rm ed  mainly in the bones 
and in the live r, responsible fo r  m em brane transport. The acid  phosphatase, 
a lysosom al enzym e has an optim um  pH o f  4.9 present in plasm a in sm all 
am ounts and a lso  in liv e r  and red ce lls . D uring  stress the creatine  
phosphatase in the sk e le ta l m uscle breaks down resulting in the re lease  
o f phosphoric acid  and the g lycogen  present in the tissues g e ts  oxidised  
to la c t ic  ac id  (Shanm ugam  1977, Sastry and Siddiqui 1983, Govindan 1985, 
and Sastry  ^  1987). Both the acids m entioned above constitute to  
a  rap id  lo w ering  o f  the pH  value o f  the tissue flu ids thus aijgnpnting  
the p rocess o f  acid  phosphatase form ation  in the blood. There are severa l 
reports by many investiga to rs  on the changes induced by pesticides on alkaline  
phosphatase and ac id  phosphatase contents o f  serum  (D a le la  aL  1980b , 
Sharm a e t a l. 1982, G u p ta  and Dhillon 1983, and Verm a £ t  1984), liver
and kidney (Thom as and Murthy 1976, Sastry  and Gupta 1978b,c, Sastry  
and A g ra w a l 1979, Sastry  1979, Sastry and Malik 1979, Shaffi 1980, Dubalc  
and Shah 1981a, D ubale  and Aw asth i 1982, Kumar and A lam  Ansari 1986 
and Sharm a and M aya 1987), brain  (Sastry  and Sharm a 1980 and 1981, and 
Shaffi 1980), intestine (L a ta  and S riw astw a 1983, and A ro ra  and Kalshrestha 
1985), and m uscle (S h a ffi 1980) o f fish. H ow ever, reports on the enzym e  
contents o f  decapods a re  a  few  (Shukla and Shukla 1985 and Omkar 1986) 
only.
R ibonueleic  ac id  is present la rge ly  in the cytoplasm  o f actively  
grow ing  ce lls  which a re  engaged  in the production and secretion  o f protein.
The concentration  o f  R N A  increases w ith  increase in protein  synthesis 
or v ice  v e rsa . D N A  is present a lw ays in the nuclci o f  ce lls  and is confined  
to the chrom osom es. A  very  sm all am ount is present in m itochondria, 
which a re  outside the nuclei. A lte red  D N A  and R N A  content in muscle  
o f fish  exposed to various pollutants have been noted by M ustafa  (1977), 
D ubale  and Shah (1981a), K abeer Aham ad £ t  (1981i D en izeau  and Marion  
(1984i S tueber and Zahn (1985 i and Kum ar and A lam  Ansari (1986). Recently  
the R N A -D N A  ratio  is used as a sensitive index o f toxicant stress in relation  
to g row th  (B u low  1970, D agg  and L itt lep age  1972, Kearns and Atcliinson  
1979 and Barron  and A delm an  1984).
S evera l surveys and experim enta l studies have identified  h istological 
disorders in liv e r  and kidney associated  w ith  pollutant exposure in fisli 
which se rve  as ind icator o f  pollution (M ukharjee and Rhattacharya 1975,
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Bass ^  1977, Konar 1977, Sastry and G up ta  1978a,b, Sastry  and Malik  
1979, G oe l and G a rg  1980, D ubale  and Shah 1981a,b, Kumar and Pant 1981, 
Ram alingam  and Reddy 1981, Sultan and Khan 1981, Akhilendra Naidu ^  
al. 1983, Bakthavathsalam  _et 1984 and 1987, Desai 1984,
R ashatw ar and Ilyas 1984, Radhaih ^  1986, Razani ^  ^  1986, Gupta  
and D a le la  1987, Mukhopadhyay 1987, Ram and Satyanesan 1987
and B hatnagar 1987).
The present investigation  was undertaken to study the e f fe c t  o f  
"N uvan " on the physiology, biochem istry and h istology o f L iza  parsia.
M A T E R I A L S  A N I J  M E ' ! '  H O D S
A c u te  tox ic ity  tests  w ere  conducted to  determ ine the LC50  values 
o f "N u van " to  L iza  parsia .
C o llection  o f test anim als:
L iz a  parsia  o f  85-120 mm sizes and 6.50-13.25g weight w ere  collected  
by  cast nets from  brack ishw ater canals o f  P uduvypeen . a rea . The salinity, 
dissolved oxygen and pH o f  the co llection  s ite  w ere  determ ined to  indicate  
the w a te r  quality  into w h ich  the an im als should be tran sferred  on arrival 
a t laborato ry .
A cc lim atiza tio n  o f  the test an im als in labo ra to ry  condition;
The live  anim als w ere  acc lim atized  to  labo rato ry  condition by main­
tain ing them in p lastic  pools o f  2 tonne capacity  containing w ater o f  
salin ity  10.0±1%o, pH 6.0±0.5 and tem perature  27.5±1.5®C. To  avoid  fungal 
attack  o f test anim als the medium w as trea ted  with 11 m g o f  m alachite  
green  per 100 litres o f  w ate r . The organism s w ere  fed  once in a day.
The fa e c a l m atter and other w aste m ateria ls  were daily  siphoned o ff, 
and to  reduce the am m onia content in w ate r the b io logical f i lte r  was used. 
Once in tw o  days the m edium  in the tank w as  changed. E lec trica lly  operated  
ae ra to rs  w ere  used fo r  aeration . The test anim als w ere  acc lim atized  for 
about 2 weeks prior to  the experim ents.
Test medium;
The com m erc ia l g rad e  "N uvan " o f  C ib a -G e ig y  having the composition  
o f "D ich lo rvos 76% m/m. Em ulsifier 10.6% m/m, solvent 13.496 m/m" was 
used fo r  the preparation  o f  stock solution. The desired concentration o f  
test m edia w e re  obtained by diluting the stock  solution in distilled water.
Test containers:
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F ib re  g lass tanks o f  40 litre  capac ity  w ere  used as test containers. 
Each o f  the test containers w as  provided fa c ilit ie s  for drainage o f  w ater  
from  b o tto m  and con tin uous  aeration . Each container w as covered with  
velon sc reen  netting to prevent the an im als from  jum ping out.
Selection  o f  test concentrations;
A  ran ge -fin d ing  bioassay  was conducted  a fte r  A P H A -A V V W A -W P C F  
(1975) and Reish  and Oshida (1987) w ith  the test organism s exposed to 
a range o f concentrations, in logarithm ic  sca le  such as 0.01, 0.1, 1.0, 10 
and 100 ppm. Four an im als w ere  re leased  to  32 litre  o f  test solution per 
test container without feed ing  and w ate r w as changed during the tenure 
o f the experim ent. A t  in tervals o f  24, 48, 72 and 96 hr the percentage  
o f m orta lity  w as recorded . A s  no m orta lity  was observed a t 0.1 ppm and 
75% m orta lity  a t  1 ppm during 96 hr, the concentrations betw een  0.1 and 
1.2 ppm w ere  se lec ted  fo r  b ioassay  procedure.
B ioassay p rocedure; [  P la te  I. a ,b ]
S ta t ic  b ioassay  m ethod (R cish  and Oshida 1987) was used in which  
the organ ism s w ere  kept in sam e test solution for the entire experim enta l
P la te  r.a: Pho tograph  show ing  e x p e r im e n ta l s e t -u p  fo r  
bioassay .
P la te  I.b : A  test con ta iner w ith  e x p e r im e n ta l an im a ls  
a ft e r  48 hours o f  e xp osu re  to  0.2 ppm  "N u v a n "  
during b ioassay .
dPlate l.a
Plate Lb
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period. Each  bioassay consisting o f  a  series  o f  six test concentrations  
and a  con tro l w e re  used. Each concentration  was pun in d u p U cate (A P H A -  
A W W A -W P C F  1975). To  avoid  contam ination, the controls w e re  m aintained  
aw ay  from  b ioassay  tanks. A s  s i^ gested  in the method, the test anim als 
w ere  not fe d  during the experim ent. The percentage o f  su rv ival a t the 
end o f  eve ry  24, 48, 72 and 96 hr w as  accounted. D ead  anim als w ere  
rem oved  fro m  the experim ent im m ediately.
The data  obtained from  experim ents w ere  processed by "probit  
analysis" (F inny 1952, Reish and Oshida 1987) fo r  determ ination  o f  LC50  
value in com puter. The percen tage  m orta lity  verses lo g  concentrations  
w ere  p lotted  in p robab ility  papers to  g e t  the LC 50  values graph ica lly (Seegert  
et a l. 1979). The slope function, 95% confidence lim it and 95% fiducial 
lim its (upper lim it and lo w e r  lim it) w e re  ca lcu lated  using the fo llow ing  
fo rm u lae  from  "response cu rves" fo r  d if fe r e n t  exposure  t im e s  (Reish and  
Oshida 1987)
LC84  ^ LC50
LC 50  LC 16  
Slope (S ) = --------------------------------
2.77
95% con fidence lim it (fx r -r r . ) = S ^L05U
(W here  N  =  to ta l num ber o f  organism s tested  a t those exposure concentrations  
whose exp ec ted  resu lts w e re  be tw een  16% and 84%, and "2 .77" is a  constant)
95% fid uc ia l lim its are :
U pper lim it = LC50 x
L o w er  lim it = LC5Q
^LC50
The le th a l concentrations were p lotted  against tim e in hours in nomo­
graph paper to  ge t the "tox ic ity  curve" and corresponding 95 96 fiducial 
lim its w ere  shown fo r  each LC50 values on graph  paper.
A cu te  exposure studies;
The test anim als w ere  exposed to le th a l concentration  o f  0.48 ppm  
(i.e ., 96 hr LC50  concentration in the b ioassay ) a t  pH 5.5, salin ity 10.0± 
1%o and tem perature  27.5 ±  1 .5°C in three tanks. S im ultaneously controls  
w ere  m aintained. The test solutions w ere  not renew ed and anim als both  
in experim en ts and contro l tanks were not fed . To  each  test container 
10 an im als w ere  released . A t  the end o f  24, 48, 72 and 96 hr exposure  
from  each  tank one specim en was taken fo r  oxygen consum ption estim ation  
and subsequently  sacrificed  for b iochem ical analysis. Anim als exposed for  
96 hr w e re  used for h istological studies also.
A c u te  exposure studies on lethal concentrations o f 1.01 (24 hr LC50),
0.75 (48 hr L C 5 0 ), 0.55 (72 hr LC 50 ) ppm fo r  24, 48 and 72 hours respect­
ive ly  again st contro ls w ere  conducted w ith  8 an im als each re leased  to ensure 
at least 3 an im als a fte r  the exposure period  fo r  physiological, b iochem ical 
and h isto log ica l studies.
Chronic exposure studies:
T h ree  su b -le th a l concentrations (1/5th, 1/10th and 1/15th o f 96 hr 
LC 5 0 ) w ere  se le c ted  fo r  chronic exposure studies and 3 sets o f  each  concent­
ration  and con tro l w e re  m aintained. T o ta l 12 tanks o f 40 litre  capacity  
each  w ere  m aintained w ith  4 anim als in each. The anim als w ere  fed  with  
pe lle t feed  once a  day and the test m edia w ere  kept w e ll aerated . H a lf  
o f the test m edia from  each  test container w as rep laced every  two days 
through the drafiinage pipe provided at the bottom  o f container. A fte r  
15 days o f  exposure the test organism s w ere  rem oved from  one control 
tank and one tank o f each  concentration. They w ere put in respirom eter  
fo r  oxygen  consumption estim ation  and la te r  sac rified  fo r  b iochem ical and 
histo log ica l study. The sam e procedure w as repeated  a fte r  30 and 45 days 
with other anim als.
Physio log ica l study;
The oxygen  consumption o f  fishes sub jected  to le tha l and sub-lethal 
concentrations o f  "N uvan " w ere  studied (G ro th e  and Eaton 1975) by using 
4 lit re  rectangu lar g lass ja r  and liquid p a ra ffin  to  seal the exchange o f  
gas betw een  the w ater o f  resp irom eter and atm osphere. In respirom eter, 
w ate r o f  sam e salin ity was used to avoid stress on the experim enta l anim als. 
Utm ost c a re  was taken to  avoid stress w hile handling the fishes and to  
recove r them  from  the e f fe c t s  o f  handling i f  any, they w ere  kept in respiro­
m eter fo r  som etim e (F ry  1967). D issolved oxygen in w ate r sam ples (125 
ml each ) co llec ted  just b e fo re  and a fte r  the experim ent from  respirom eter  
w ere estim ated  by using unm odified W inkler technique (A P H A , 1955). A fte r
15
16
each experim ent the individual weight o f  fishes was recorded. The oxygen  
consumption w as  ca lcu lated  based on fo U o w ir^  form ula:
(In itial D O ,-F in a l D O ,) X " » t e r  vol. in m l ^  ----------------- 1 0 0 0 _E !5 _
1000 m l W eight in gm  o f fish
„  60 m inutes
A tim e in m inutes 
The va lues w e re  expressed in "m g/K g body wt/Hour."
B iochem ical studies:
1. Extraction
In biochem ical estim ation , test an im als sub jected  to  le tha l and sub- 
le tha l concentrations w e re  w iped  fre e  o f  w a te r . B lood w as  rem oved by 
d irectly  puncturing the heart w ith  a  hypoderm ic need le attached  to a  2 
ml syringe, and tran sfe rred  to  a  15 m l g lass  centrifuge  tube corked a ir  
tight so as to  avoid any kind o f  haem olysis. It  was than a llow ed  to clot  
at room  tem perature  fo r  40-60 minutes. A f t e r  c lotting, it w as centrifuged  
a t 3000 rpm  fo r  15 m inutes fo llow ing  M ahobia  (1987). The c lear serum  
w as tran sfe rred  by m icrop ipettes to  5 m l bo ttles  and frozen  in sealed  con­
dition a t  0®C t ill chem ica l analysis w as pe rfo rm ed  (N ew C om b  1974).
The b e lly  m uscle tissue w as d issected out and kept in deep freezer  
fo r  the b iochem ica l analysis (S astry  and Siddiqui 1983).
2. A na lys is
The m ethods used in the analysis o f  biochem ical param eters w ere  
as fo llow s:
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I. The prote in  content o f  m uscle tissue and blood serum was esti­
m ated by  the B iuret m ethod (G o rn a li e t  1949). Bovine serum  
crysta ls  dissolved in IN  N aO H  v/as used as the standard solution 
in the preparation  o f  standard graph.
II. The tota l fre e  am ino acids o f  m uscle tissue and blood serum  
w ere  estim ated w ith  ninhydrin (Y em m  and Cocking 1955) using 
glycineand g lu tam ic  acid  m ixture as the standard.
III. D N A  and R N A  in muscle tissue w e re  estim ated as per the scheme 
given  by D agg  and L ittlep age  (1972). N u c le ic  acids w ere  extracted  
using cold perch loric  ac id  solution. The optical density o f  D N A  
and R N A  w ere  m easured by using double beam  s p c ’ trophotom eter 
a t 595 and 665 nm respective ly . P u rified  and high polymerised  
C a lf-th y m u s D N A  and purified  yeast R N A  obtained from  SIGM A  
w ere  used as standards fo r  D N A  and R N A  estim ation respectively.
IV. The alkaline and acid  phosphatases activ ity  w ere  determined  
fo llow in g  the procedure o f  Barret (1972). P -nitrophenyl phosphate 
(P N P ) was used as substrate and in the experim ent the enzym ­
a tic  reaction  was stopped by  10% cold  trich loroacetic  acid. 
Potassium  dihydrogen orthophosphate (K H 2 P 0 ^ )w as  used as standard.
Standard  deviation , percen tage  co e ffic ien t  o f  variation for samples 
o f sam e treatm ent, and percen tage  variation  o f  param eters in exposed  
animals from  con tro l w ere  ca lcu lated . Using student 't ' test the significance
18
o f d iffe ren ce  betw een  two sam ple mean was tested for acute exposure  
biochem ical pa ram eters . The 'F ' test was worked out for testing the signi­
ficance  am ong the sam ples o f  ch ro n ic  exposure.
H isto log ica l studies;
The liv e r  and kidney o f test an im als exposed to le tha l and sub- 
le tha l concentrations w ere  used for h isto logical studies. The tissues were  
fixed  in Bouin 's f lu id  fo r  abou t 24 hours and then  processed by routine 
histo log ica l techniques. Sections o f  4-5 ^u w ere  stained with haem atoxylene  
and eosine and mounted in D PX . Photom icrographs o f  sections w ere  taken 
using an Olym pus Universal R esearch  M icroscope.
1. A cu te  tox ic ity  studies;
The resu lts o f  acute  toxicity studies expressed in term s o f LC50  
values fo r  24, 48, 72 and 96 hours obtained in com puter analysis are  given  
in T ab le  1 A -1 D  and F ig . lA - ID .  The LC50 values are  found to be 1.01 
ppm, 0.75 ppm, 0,55 ppm and 0.48 ppm for 24, 48, 72 and 96 hours respect­
ively  show ing gradual decrease  with increase o f  time. The 9 5^  fiduciaJ 
lim its o f  LC 50 , LC16, LC84  o f  each response curve for d iffe ren t exposure  
periods in hours given in Tab le  IE  also show decreasing order. The 95% 
confidence lim it and slope function shown against each LC50 value in Table  
IE  have ove ra ll decreasing trend except fo r  a  slight increase in 48 hr LC50  
visib le c le a r ly  from  acute  toxicity curve in Fig. IE.
H ow ever, the graphical values o f  a ll LC50 were tally ing w e ll with 
the resu lts obtained by  com puter analyses. Am ong d iffe ren t concentrations  
o f L C 5 0 (T ab le  IE ) the values showed variations. A ll these results were  
obtained at salin ity 10.0 ± 1%g, tem perature 27.5 ± 1 .5°C , and pH 5.5 
o f  test solution.
2. B iochem ica l studies:
R E S U L T S
2.1. Studies on muscle
2.1.1. Protein content
2.1.1.1. On acute exposures  
From  the Tab le  2A and Fig. 2A it is seen that there is gradual
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F ig. 1A: R esponse  cu rv e  fo r  "24 hr L C 5 0 "
L C 8 4  =  A n ti L o g  (0 .337 ) =  2.175 ppm . 
LC 5 0  =  A n t i L o g  (0 .0 06 ) =  1.015 ppm . 
LC 1 6  =  A n ti L o g  (-0 .3 3 0 ) = 0.468 ppm .
F ig . IB ; Response cu rve  fo r  ”48 hr L C 5 0 "
L C 8 4  =  A n ti L o g  (  0 .290) =  1.950 ppm . 
LC 50  = A n ti L o g  (-0 .1 2 5 ) =  0.750 ppm . 
LC 16  = A n t i L o g  (-0 .5 3 0 ) = 0.295 ppm .
F ig . I C j R esponse cu rve  fo r  "72 hr L C 5 0 "
L C 8 4  =  A n ti L c ^  (  0 .030 ) =  1.072 ppm . 
L C 5 0  = A n t i L o g  (-0 .2 5 6 ) = 0.554 pp m . 
L C 1 6  =  A n ti L o g  (-0 .5 5 0 ) = 0.282 ppm .
Pig- Dt R esponse  cu rve  fo r  "96  h r L C 5 0 ”
L C 8 4  = A n ti L o g  (-0 .0 7 0 ) = 0.851 ppm . 
LC 5 0  = A n t i L o g  (-0 .3 1 7 ) =  0.482 ppm . 
L C 1 6  =  A n t i L o g  (-0 .5 6 5 ) =  0.272 ppm .
Fig. 1 A Fig. 1 B
F ig .  \ C Fig.l D
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Fig, 2A: Variation in muscle tissue protein o f  L iza parsia
exposed to ”96 hr LC50" o f "Nuvan” .
F ig . 2B: V ariation  in m uscle  tissue  to ta l f r e e  am in o  ac id s  
o f  L iz a  parsia  exposed  to  "96 h r L C 5 0 "  o f  "N u v a n "
F ig . 2 C : V aria tion  in m u sc le  tissue  R N A  o f  L iz a  p a rs ia  
exposed  t o  "$6  h r L C 5 0 "  o f  "N u v a n " .
F ig . 2D : Variation, in  D N A  o f  L iz a  p a rs ia  m u sc le  t issue  
exposed  to  "96 hr L C 5 0 ” o f  "N u v a n ” .
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decrease in the m uscle p rote in  content in fishes exposed to  24, 48, 72 
and 96 hours in 96 hr L C 5 0  experim ent. In student 't ' test m eans signi­
fican tly  d iffe re d  a t  5% le v e l b e tw een  prote in  contents o f  control and exposed  
anim als. The ca lcu la ted  't '  va lue  w as  3.706 against tabu lated  value o f  
1.701.
From  T ab le  3A  and F ig . 3A  it is observed  that there is decrease  
in the protein  content in fishes exposed  to  1.01 ppm 64 hr LC50i^ 0.75 
ppm (48 hr LC50^ 0.55 ppm  (72 hr LC 5 0 ) and 0.48 ppm (96 hr LC 50 ) fo r  24, 
48, 72 and 9S hoars re sp ec tiv e ly . The d ec rea se  was m axim um  fo r  exposure  
periods o f  96, 72 and 48 hours and m inim um  fo r  24 hours against control 
value.
2.1.1.2. O n su b -le th a l exposures
D ecrease  in protein  content o f  m uscle  tissue w as observed  fo llow ing  
sub-le tha l exposures (T ab le  4 A  and F ig . 4 A ) fo r  15, 30 and 45 days at  
1/15th, 1/10th and 1/5th o f  96 hr LC 5 0 . T he  decrease  w as  maximum fo r  
higher concentration and lo n ge r exposure period  than lo w er  concentration  
and shorter exposure period . Anova analysis showed sign ificant d ifferences  
betw een  the treatm ents and exposure periods a t 196 F -Value.
2.1.2. T o ta l fr e e  am ino acids content
2.1.2.1. On acute  exposures;
T h e re  w as  g radua l e levation  in m uscle to ta l free  am ino acids (T ab le  
2B and F ig . 2B ) fo llow in g  acu te  exposure to  0.48 ppm fo r  24, 48, 72 and
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F ig . 3A : P e rc en tage  v a ria t io n  in  m u sc le  t issue  p ro te in
o f  L iz a  p a rs ia  a f t e r  a c u te  e xp o su re s  to  "N u v a n " .
^*8'' 3B: P e rc e n ta g e  v a r ia t io n  in  m u sc le  t issu e  t o t a l
fr e e  am ino  a c id s  o f  L iz a  p a r s ia  e x p o sed  to  
acu te  exposures o f  "N u v a n ".
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Fig. 4A: Percentage variation in protein content o f
muscle tissue on chronic exposures to "Nuvan".
F ig. 4B: P erc en tage  v a ria tion  in to ta l f r e e  am in o  ac id s  
o f  m uscle  tissue  on ch ron ic  exp osu res  to  "N u v a n " .
F ig . 4C : P erc en tage  v a r ia t io n  in  R N A  co n te n t  o f  m u sc le  
tissue on ch ron ic  exposures to  ’’N u v a n ".
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96 hours. Using student ' t '  te s t i t  was seen that means are d iffe r in g  signi­
fican tly  a t 5% le v e l betw een  con tro l and exposure values. The calculated 
't '  value (3.242) was seen h igher than that o f  tabu lated value (1.701).
Fishes exposed to  le th a l concentrations o f  1.01, 0.75, 0.55 and 0.48 
ppm fo r  24, 48, 72 and 96 hours resp ective ly  had e leva ted  to ta l fre e  amino 
acids in the muscle tissue (Tab le  3B and F ig . SB). The increase was maximum 
(35.707%) in muscle o f  fishes exposed to  1.01 ppm fo r  24 hours and minimum 
(24.5%) in the muscle o f  fishes exposed to  0.48 ppm fo r  96 hours. In control 
the to ta l fr e e  am ino acids showed a gradual Increase but less significant 
than trea tm en t.
2.1.2.2. On sub-lethal exposures
Tab le  4B and F ig. 4B show the varia tions in the muscle to ta l free  
am ino acids in  fishes  exposed to  sub-lethal concentrations o f  "Nuvan". 
The decrease was observed fo r  a ll the 3 sub-lethal concentrations (i.e .,y i5 th , 
1/10th and 1/5th 96 hr LC 50) a t 15th day and also fo r  1/15th 96 hr LC50 
at 30th day exposure. But e leva tion  was noted fo r  a ll the 3 sub-lethal 
concentrations a t  45th day and fo r  1/10th 96 hr LC50 and 1/5th 96 hr 
LC SO a t 30th  day. Slight increase in con tro l value was seen w ith increased 
exposure periods. Anova ind icated  that the variations in to ta l fre e  amino 
acids betw een  15th day and 45th day was s ign ifican t a t 5% leve l.
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2.1.3. R N A  content
2.1.3.1. On acute exposures
Tab le  2C and F ig . 2C ind icate the gradual decrease in muscle tissue 
R N A  in fishes exposed to  0.48 ppm (96 hr LC 50 ) fo r  24, 48, 72 and 96 
hours. The maximum decrease in R N A  con ten t (-50.467%) was observed 
at 96 hours o f  exposure. From  student 'V  te s t it  was seen that the means 
are s ign ifican tly  d iffe r in g  betw een  con tro l and exposed R N A  values at 5% 
leve l. The ca lcu la ted  't '  va lue was 3.214 against tabulated ’ t ’ value 1.701.
The R N A  con ten t in a ll groups o f fishes exposed to  4 letha l concent­
rations (1.01 ppm, 0.75 ppm, 0.55 ppm and 0.48 ppm fo r  24, 48, 72 and 
96 hours re sp ec t iv e ly ) w ere  dep leted  (Tab le 3C and F ig. 3C) against control 
value. The maximum dep letion  in R N A  touched the value o f  -50.467% 
in 0.48 ppm fo r  96 hours against -34.48396 in 1.01 ppm for 24 hours.
2.1.3.2. On sub-lethal exposures
In chron ic exposures to  "Nuvart* the R N A  content in muscle tissue 
was d ep leted  against con tro l value (Tab le 4C and Fig. 4C). The higher 
concentrations and longer exposure periods showed the increased trend o f  
depletion. A n ova  analysis showed s ign ifican t d iffe ren ces  betw een  the trea t­
ments and exposure periods a t 1% F-Vaiue.
2.1.4. D N A  content
2.1.4.1. On acute exposures
The D N A  in muscle tissue increased gradually in fishes exposed
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Fig. 3Cz Percentage variation in muscle tissue R N A  o f
L iza  parsia a fte r  acute exposures to "Nuvan".
Fig. 3D: P ercen tage varia tion  in muscle tissue D N A  o f 
L iza  parsia a fte r  acu te  exposures to  "Nuvan".
F ig. 3E: P ercen tage  varia tion  in blood serum protein  
o f  L iza  parsia a f te r  acu te  exposures to  "N uvan ".
F ig. 3F: P ercen tage  varia tion  in blood serum to ta l fre e  
am ino acids o f  L iza  parsia a f te r  acu te  exposures 
to  "Nuvan".
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37
to 0.48 ppm (96 hr LC50) fo r  24, 48, 72 and 96 hours as shown in Table 
2D and F ig . 2D. The enhancem ent was maximum (117.648%) fo r  96 hours 
against minimum (35.717%) fo r  24 hours exposure period. Student ' f  test 
showed the s ign ifican t d iffe r en c e  between D N A  content o f  con tro l and 
exposure anim als a t 5% le v e l (w here t-ca l = 4.210 and t-tab = 1.701).
R N A -D N A  ra tio  o f  muscle tissue o f  fish a fte r  acute exposure to 
96 hr LC50 is shown in Tab le  2J. Both in con tro l and exposure the ratios 
are seen in decreasing order, but it  is more pronounced in exposed animals.
Tab le  3D and F ig . 3D  in d ica te  the e levation  o f  D N A  content in 
muscle tissue o f  fishes exposed to  24 hr LC50, 48 hr LC50, 72 hr LC50 
and 96 hr LC50 o f  "N uvan" fo r  24, 48, 72 and 96 hours respective ly . 
The maximum e leva tion  (126.665%) was observed in fishes exposed to
0.55 ppm fo r  72 hours against minimum value (107.147%) in 1.01 ppm for 
24 hours. Tab le  3D also shows slight e leva tion  o f  D N A  content in control.
R N A -D N A  ra tio  o f  muscle tissue o f  fish a fte r  acute exposures to 
"Nuvan" is shown in F ig. 3J. In a ll the exposures the ratios were dedcre- 
asing s teep ly  than in control.
2.1.4.2. yOn sub-lethal exposures
The e leva tion  in D N A  conten t o f  muscle tissue fo llow in g  exposures 
to 1/15th 96 hr LC50, 1/10th 96 hr LC50 and 1/5th 96 hr LC50 fo r 15,30 
and 45 days are  g iven  in Tab le  4D and F ig . 4D. A t  higher concentration 
and longer exposure period the e leva tion  was seen maximum than the
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Fig. 4D: P ercen tage varia tion  in D N A  con ten t o f  
muscle tissue on chron ic exposures to  "N uvan "
Fig. 4E: Percen tage varia tion  in p rote in  con ten t 
o f  blood serum on chronic exposures to  
"Nuvan".
F ig. 4F: P ercen tage varia tion  in to ta l fr e e  am ino 
acids o f  b lood serum on chron ic exposures 
to  "Nuvan".
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lower concentration  and shorter exposure period. Anova indicated the signi­
ficant d iffe ren ce  betw een  con tro l and 1/I0th 96 hr LC50, con tro l and l/5th 
96 hr LC50, 15 days and 45 days, 30 days and 45 days at 5% F-value.
R N A -D N A  ra tio  o f  musole tissue o f  fishes a fte r  sub-lethal exposures 
to "Nuvan" is shown in Tab le  4J. In aU the concentrations, the ra tio  decre­
ased o ve r  the con tro l value but it  was m ore a t higher concentrations and 
longer exposure periods.
2.2. Studies on blood serum
2.2.1. P ro te in  conten t
2.2.1.1. O n acute exposures
From  Tab le  2E and F ig . 2E it  is seen that there is gradual elevation 
in prote in  con ten t in fishes exposed to  0.48 ppm (96 hr LC 50) fo r  24, 48 
and 72 hours fo llow ed  by a sudden dep letion  a t 96 hours (-44.554%). From 
student ' t '  te s t it  was observed that the ca lcu lated  't '  value (0.478) is 
less than that o f  tabulated value (1.701) fo r  protein  contents o f control 
and trea ted  animals at 5% le v e l.
There was depletion  in blood serum protein  (Table 3E and Fig. 3E) 
fo llow ing acu te  exposure to  24 hr LC50, .48 hr LC50j 72 hr LC50 and 
96 hr LC50 fo r  24, 48, 72 and 96 hours resp ective ly  and it  ranged between 
-44.554% in fishes exposed to  0.48 ppm fo r  96 hours to  -51.261% in fishes 
exposed to  0.75 ppm fo r  48 hours. Changes in control values was less
sign ificant than treatm ent.
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Fig. 2E: Variation in blood serum protein o f  L iza
parsia exposed to  "96 hr LC50" o f  "Nuvan".
Fig. 2F: Variation in blood serum to ta l fr e e  am ino 
acids o f  L iz a  parsia exposed  to  "96 hr 
LC 50" o f  "N uvan".
Fig. 2G: Variation  in blood serum acid  phosphatase 
(A C P ) o f  L iz a  parsia exposed to  "96 hr 
LC50" o f  "N uvan".
Fig. 2H: Variation  in b lood serum a lka line phosphatase 
(A L P ) o f  L iz a  parsia exposed  to  "96 hr 
LC 50" o f  "N uvan".
c
«
o
a
Es
w.4>
*0O
CD
Fi 
9 0 r  
80 
70 
60  
50 
40 
30 
20 
iO 
0
g.2E E
•n. Fig. 2G
-
[ f t
T j
-
v>-
■’T-
O 24 48 72 96
Fig.2F Fig. 2 H
E
V
o>
E
<
<
Ik
E3
Oo
d
c
IEH CONTROL 
- -  E X P O S U R E
I  STANDARD  DEVIATION t  °
A
/ \
/ \
/ \
1  \y
0
75*
t3^
A'
i ;
I  0-30 
o>
e 0-28 
^ 0 - 2 6  
a. 0-24 
<  0 22 
I  0 20 
S 0-i8
oo
m
0 24 48 72 96 
Exposure period { Hours )
6|- 
i
0
\
0 24 48 
Exposure period
72 96 
( Hours
lU
I
oi
CQ
<
ctn>3z
<rt
u
s
g.
g
1)*-13U(0
kaV
SH
fO
n
i/i
S.
<aN
o
c
'53
4-1ok.a.
E3
J3
C
co
4-*
k.
fl>
<r\
ID.
(Joii>
r>.CM
O’L.34-»(0
a;Q.
ett;
H
o
o
>>
'c
ra
UJ
</>o
a<
X
UJ
.J
O
oi.
t -zo
u
c t: o i:
S 
.2 8
5 E o
vO  L .O' M-H
ca>
'G
a;oo
ro
00
J
c
'5+-•o
Q.
ro y
5 §
z  o
ea.o.
II'•1 ra
(Uou
DO
J
c
'S
oL.Cl
o;k-
V> x> t**
g ..2  g w« O
 ^ S.5
46
o
00
<r\
o
_  (VJ J j.
— vD (N 1T\tN. rsi <N• « « •
■ *  —  t v  <9--a- ^  ^I [ I t
N.
(N«SD
oorr\
u*\ vOOv
90
■a-c*a
sD
oO
O'
QO
-3-
(N•Orv
NJ>
r>.
fNr>.
o
o(N
ON CT\ vO
ON rv *r\ \Do rv
rv <N <N
+1 ■•■I +( + i +1
o00 ON
• «
ON oo rs. fv.
ir » CN (N rs i
*A 00r>. <a“•c> O o
OOr--. i?s'■O
CM —  —
C\ as CN
o r v r'~\ M
fN <N h s
r>. l A t v vD
•H •H •H t1 44
K\ _ O
o
o o <N ON u*\
0^
*o OO (NJ ON'JS l/N
\DiT>
CO
>4>■o
■o
Ui(UTJC
(13*■>l/>
47
2.2.1.2. On sub-lethal exposures
Tab le 4E and F ig. 4E show the varia tion  in the serum protein o f 
fishes exposed to  sub-lethal concentrations o f  "Nuvan". There was elevation  
o f protein  in a ll the th ree concentrations a t 15th day and depletion at 
45th day. On 30th day, increase was observed fo r  1/15th 96 hr LC50 and 
1/10th 96 LC50 but decrease fo r  1/5th 96 hr LC50 over control. The 
d ifferen ces  betw een  con tro l and trea tm en t fo r  15, 30 and 45 days were 
highly s ign ifican t a t 1 % F-value.
2.2.2. T o ta l fr e e  am ino acids
2.2.2.1. On acute exposures
The to ta l fr e e  am ino acids content in fishes exposed to  0.48 ppm 
(96 hr LC 50 ) fo r  24, 48 and 72 hours exposure period were e leva ted  gradually 
fo llow ed  by a drop at 96 hours exposure (Tab le  2F and F ig . 2F). From  
student 't '  te s t i t  was seen that the means are  not s ign ifican tly  d ifferen t 
a t 5% le v e l betw een  the con tro l and exposure values. The calcu lated t-  
value was 0.922 against tabulated t-value 1.701.
There was dep letion  in serum to ta l fr e e  am ino acids (Tab le  3F and 
Fig, 3F) a fte r  acu te  exposures to  4 le th a l concentrations (0.01 ppm, 0.75 
ppm, 0.55 ppm and 0.48 ppm fo r  24, 48, 72 and 96 hours respective ly ). 
The dep letion  was maximum (-36 .626^ ) a t 0.48 ppm fo r  96 hours and minimum 
(-22.778%) at 1.01 ppm fo r  24 hours. The gradual e levation  was observed 
for con tro l value.
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2.2.2.2. On sub-lethal exposures
From T ab le  4F  and F ig . 4F depletion  in to ta l free  amino acids content 
o f serum a t a ll sub-lethal concentrations fo r  15 days exposure and at 1/15th 
96 hr LC50 fo r  30 days exposure w ere observed. The increase was observed 
at 30th day fo r  1/10th 96 hr LC50, 1/5th 96 hr LC50 and at 45th day 
for a ll sublethal concentrations. From  anova analysis i t  was found that 
the to ta l fr e e  am ino acid  contents betw een  15 days and 45 days are signi­
fican t a t 5% F-value.
2.2.3. A c id  phosphatase content
2.2.3.1. On acute exposures
From  Tab le  2G and F ig . 2G i t  is seen that there is g -id u a l increase 
in the ac id  phosphatase con ten t in fishes exposed to 96 hr LC50 at 24, 
48, 72 and 96 hours. Using student ' t '  test, means were seen sign ificantly 
d iffer in g  a t  5% le v e l betw een  acid phosphatase contents o f  control and 
exposed an im als. The ca lcu lated  't '  value was 2.716 against tabulated 
value 1.701.
Tab le  3G and F ig. 3G show the e leva tion  in the acid  phosphatase 
content in fishes exposed to  a ll 4 lethal concentrations e.g., 24 hr LC50, 
48 hr LC50, 72 hr LC50 and 96 hr LC50 fo r  24, 48, 72 and 96 hr respect­
ive ly . The e leva tion  was higher (58.182%) in fishes exposed to  0.75 ppm 
for 48 hours and low er (41.284%) in those exposed to  1.01 ppm fo r  24 
hours. The gradual increase was noticed in con tro l value at a lesser magni­
tude than trea tm en t.
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Fig. 3G: P ercen tage  va ria tion  in b lood  serum acid  phos­
phatase (A C P ) o f  L iz a  parsia_ a f t e r  acute 
exposures to  *'Nuvan".
F ig. 3H: P ercen tage  va ria tion  in b lood  serum A L P  o f 
L iea  parsia a f t e r  acu te  exposures to  "Nuvan".
Fig. 31: P ercen tage  va ria tion  in oxygen  consumption o f
i^ iza  parsia a f t e r  acu te  exposures to  "Nuvan".
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2.2.3.2. On sub-lethal exposures
Increase in a c id  phosphatase con ten t o f  serum were observed follow ing 
suW ethal exposures (T ab le  4G and F ig. 4G) fo r  15, 30 and 45 days at 
1/1Qth and 1/5th 96 hr LC50. Anova analysis showed significant 
d ifferences b e tw een  the trea tm en ts  and exposure periods at 1 % F-value.
2.2.4. A lka lin e  phosphatase content
2.2.4.1. On acu te  exposures
The d ep le tion  was observed  in serum alkaline phosphatase content 
(Table 2H and F ig . 2H) fo llo w in g  acu te  exposure to  0.48 ppm (96 hr LC50) 
for 24, 48, 72 and 96 hours. Using student 't '  test the means were seen 
d iffer in g  s ign ifican tly  a t 5% le v e l betw een  contro l and exposure values.
The ca lcu la ted  value (4.367) was higher than that o f  tabulated 't '  value 
(1.701).
Fishes exposed  to  le th a l concentrations o f  1.01 ppm, 0.75 ppm, 0.55 
ppm and 0.48 ppm fo r  24, 48, 72 and 96 hours respective ly  had depleted 
alkaline phosphatase in b lood serum (Tab le  3H and Fig. 3H). The decrease 
was g re a te r  (-36.496% ) in serum o f  fishes exposed to  0.75 ppm for 48 
hours and lo w e r  (-30.651% ) in serum o f  fishes exposed to  0.55 ppm for 
72 hours. The values In con tro ls  w ere  also seen decreasing slow ly upto
96 hours.
2.2.4.2. On sub-lethal exposures
Tab le  4H and F ig . 4H show the dep letion  in alkaline phosphatase 
content in b lood  serum exposed to  su M e th a l concentrations o f  "Nuvan".
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FIG. 4 G'. Percen tage va ria tion  in a c id  phosphatase 
(A C P ) con ten t o f  blood serum on chronic 
exposures to  "N uvan ".
Fig. 4H: P ercen tage  va ria tion  in a lka line phosphatase 
(A L P ) con ten t o f  b lood serum on chronic 
exposures to  "N uvan ".
F ig. 41; P ercen tage  va ria tion  in oxygen  consumption 
of L iza  parsia on chron ic exposures to  "N uvan"
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Anova analysis showed that the variations in alkaline phosphatase contents 
between trea tm en ts  w ere highly s ign ifican t a t 1% F-value.
3. Physio logica l studies;
3.1. O xygen  consumption
3.1.1. On acute exposures
The oxygen  consumption o f  fishes exposed to  96 hr LC50 (i.e., 0.48 
ppm) fo r  24, 48, 72 and 96 hours are shown in Table 21 and F ig. 21. An 
in itia l increase was observed upto 48 hours o f  exposure fo llow ed  by decline 
in subsequent exposure periods upto -18.24% at 96 hours. Student 't ' test 
showed the s ign ifican t d iffe ren ce  betw een  con tro l and exposure animals 
at 5% le v e l (w h ere  t-ca l = 1.926 and t-tab  = 1.701).
Tab le  31 and Fig.31 ind icate the decrease in oxygen consumption 
in fishes exposed to  a ll the 4 le th a l concentrations (e .g ., 24 hr LC50, 48 
hr LC50, 72 h r LC 50 and 96 hr LC50 fo r  24, 48, 72 and 96 hours respect­
ive ly ). The maximum decrease (-26.82%) was observed at 0.55 ppm for 
72 hours against minimum value (-4.41% ) at 1.01 ppm for 24 hours. But 
gradual increase in oxygen consumption was noticed in control fishes for 
96 hours.
3.1.2. On sub-lethal exposures
The increase in oxygen consumption o f  fishes exposed to  d ifferen t 
sub-lethal concentrations fo r  15, 30 and 45 days are given  in Tab le 41 
and F ig. 41. A t  low er concentration  the increase was maximum than that
61
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o f  higher concentrations. Anova indicated that the d ifferen ces  between 
control -  V 15 th  96 hr LC50 and eon tro l -  V lO th  96 hr LC50 were significant 
at 5% F-value and the d iffe ren ces  betw een  exposure periods highly significant 
a t 1 % F -value.
3.2. H is to log ica l studies
T o x ic  e f f e c t s  in l iv e r  and kidney o f  L iz a  parsia exposed to  lethal 
and sub-lethal concentrations o f  "Nuvan" fo r  d iffe ren t exposure periods 
were studied.
3.2.1. L iv e r
In norm al l iv e r  th e hepatocytes are  polygona l and have a distinctive 
centra] nucleus w ith  densely stain ing chrom atin  margins and a prominent 
nucleolus. The porta l tr iad  (C en tra l vein, P la te  l.A.s^ Bile duct P la te  LA .b ; 
and P o r ta l v e in , P la te  l .A .c ) and hepatocytes photom icrographed from 
the transverse section  o f  norm al liv e r  o f  L iz a  parsia is shown in (P la te
I.A .)
Fishes sac r ific ed  a f te r  acute exposures to  "Nuvan" (e .g ., 48 hr LC50, 
72 hr LC50 and 96 hr LC50 fo r  48, 72 and 96 hr respective ly ) showed 
the ex ten s ive  coagu la tive  necrosis w ith pyknosis, karyorrhexis, karyolysis 
and vacuolar degeneration  o f  cytoplasm  o f  hepatocytes (P la te  I.B, C and 
D). As seen in p la te  fE  congested  cen tra l vein  and centrilobular hypertrophy 
o f hepatocytes  w ith  hyper chrom atin nuclei is observed in fish  that died 
on 12th day o f  exposure to  0.48 ppm in 96 hr LC50 experim ent. In sub- 
lethal concen tration  (e .g ., a t 30th day in 1/15th 96 hr LC50) the d istinctive
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degenerative changes w ith  karyolysis and karyorrhexis were more pronounced 
(P la te  I.F ), but 1/15th 96 hr LC50 fo r  45 days showed coagu lative necrosis 
with p ro life ra tion  o f  kuppfer ceUs (P la te  LH ). In fishes exposed to 
higher sub-lethal concentrations i.e ., 1/15th 96 hr LC50 fo r  30 and 45 
days, and 1/lOth 96 hr LC50 fo r  45 days, pushir^ o f  nuclei to  one side, 
vacuolar degeneration , pyknosis and karyolysis o f  hepatocytes w ere observed 
(P la te  LG , J  and I).
3.2.2. K idney
The nephron o f  the typ ica l euryhaline te leos t comprises o f a 
well vascularised glomerulus, neck segm ent and tw o or three proximal 
segments. Photom icrograph o f  the transverse section  o f  kidney o f an 
unexposed L iz a  parsia shows norm al s ize  and structure o f  reneal tubules 
and ep ithe lia l c e lls  (P la te  IIA ). Fishes sacrificed  a fte r  acute exposures 
to 48 hr LC50 and 96 hr LC50 showed enlargem ent o f  renal tubules 
(P la te  H.B, C ). In the section  a fte r  sub~acute exposure to  l/15th 96 
hr LC50 fo r  30 days vacuolation  o f  ep ith e lia l cells  o f  renal tubules 
are observed (P la te  ILD ). On exposure to  1/5th concentration o f  96 
hr LC50 fo r  45 days marked necrosis and extensive desquamation and 
flatten ing w ere  observed  in the tubular ep ithelia l ce lls  (P la te  Il.E).
P la te  L A : Cross section  o f  norm al l iv e r  o f  fish  showing
hepatocytes and p orta l tr iad  (c en tra l vein ,
a ; b ile  duct, b; and p o rta l ve in , c ) .  H &  E X 
100.
P la te  I.B: Cross se c tio n  o f  l iv e r  a f t e r  exposure to
"48 hr LC 50" o f  "N uvan " fo r  48 hours showing 
exten s ive  coa gu la tiv e  necrosis w ith  pyknosis, 
karyorrhexis (K h ), karyo lysis  (K l )  and vacuolar 
degeneration  o f  cytop lasm  o f  h epatocytes  
(V ). H &  E X  400.
P la te  I.C : Cross section  o f  l iv e r  a f te r  exposure to  "72 
hr L C 5 0 " o f  "N u van " fo r  72 hours showing 
extensive  c o p u la t iv e  necrosis w ith  pyknosis 
(P ), karyorrhexis, karyolysis and vacuolar 
degeneration  o f  cytop lasm  o f  h epatocytes  
H & E X 400.
P la te  I.A
P la te  I.B
P la te  I.C
P la te  I.D: Cross section  o f  l iv e r  a f t e r  exposure to  ” 96 
hr LC 50" o f  "N u van " fo r  96 hours show ing 
ex ten s ive  coa gu la tiv e  n ecros is  w ith  pyknosis, 
karyorrhexis (K h ), karyo lysis  (K l )  and vacuolar 
degeneration  o f  cytop lasm  o f  hepatocytes  
(V ). H & E X  400.
P la te  I.E: Cross section  o f  l iv e r  o f  fish  that d ied  on 
12th day o f  exp>osure to  "96  hr LC 50" o f 
"Nuvan" show ing con gested  c en tra l vein  and 
cen trilobu lar hypertrophy o f  h ep a tocy tes  w ith  
hyper chrom atin  nuclei. H & E X  400.
P la te  I.Fz Cross section  o f  l iv e r  a f t e r  exposu re to  "1/15th 
96 hr L C 5 0 " o f  "N uvan " fo r  30 days show ir^  
d is tin c tive  d egen era tiv e  changes w ith  karyolysis 
and karyorrhexis (K h ). H & E X  200.
P la te  I.D
P la te  I.G : Cross section  o f  l iv e r  a f te r  exposure to  *'1/'5th 
96 hr LC 50" o f  "N u van " fo r  30 days showing 
vacuolar degeneration  o f  cytop lasm  o f  hepatoeytes 
(V ), pushing o f  nuclei to  one side, pyknosis 
and karyolysis. H & E X  400.
P la te  I.H : Cross section  o f  l iv e r  a fte r  exposure t o  "1/15th 
96 hr LC 50" o f  "N uvan" fo r  45 days show ir^ 
coagu la tive  necrosis w ith  p ro life ra tion  o f  
kuppfer ce lls  (K ). H & E X  200.
P late L I: Cross sec tion  o f  l iv e r  a f te r  exposure to  "1/lOth 
96 hr LC 50" o f  "N uvan " fo r  45 days show ir^ 
vacuo lar degeneration , pushing o f  nuclei to  
one side, pyknosis and karyolysis . H & E 
X  400.
P la te  I.G
P la te  I.H
P la te  l.I.
P la te  l.J: Cross section  o f  l iv e r  a f te r  exposure to  "1/5tii 
96 hr LC 50" o f  "N uvan " fo r  45 days showing 
pyknosis, karyolysis, pushing o f  nuclei to  one 
side and vacuolar degeneration  o f  cytoplasm  
o f  hepatocytes (V ). H <3c E X  400.
P la te  II.A  : Photom icrograph o f  kidney section  o f  fish 
showing renal tubules (R t )  and ep ith e lia l cells  
(E c). H & E X 200.
P la te  II.B: Cross section  o f  k idney a f te r  exposure to  
"48 hr L C 5 0 " o f  "N uvan " fo r  48 hours showing 
the en largem ent o f  rena l tubules, H & E 
X  200.
Plate I.J.
Plate II.A
Plate II.B
P la te  II.C : Cross section  o f  k idney a f t e r  exposure to  
"96 hr LC 50" o f  "N u van " fo r  96 hours showing 
the en largem ent o f  renal tubules. H & E 
X  200,
P la te  II.D : photom icrograph  o f  k idney section  a fte r  expo­
sure to  "1/15th 96 hr LC50”  o f  "Nuvan”  fo r 
30 days show ing vacuolation  o f  ep ithelia l 
c e lls  o f  renal tubules. H «3c E X  40.
P la te  II.E : Cross sec tion  o f  k idney a f te r  exposure to 
"1/ 5th 96 hr L C 5 0 " o f  "N uvan" fo r  45 days 
show ing m arked necrosis  o f  tubular ep ithelia l 
c e lls  and ex ten s ive  desquam ation and fla tten ing 
(F ). H & E X  200.
Plate II.D
Plate n.E
D I S C U S S I O N
Acute toxicity studies;
The s lope  function, 95% con fidence lim it, and 95% fiducia l lim its 
as a lready g iven  in results w ere found to  gradually decrease in all the 
4 exposure periods o f  24, 48, 72 and 96 hours. The variations in percentage 
m orta lity  (T a b le  1A-D ), LC16, LC50, LC84  values (Tab le  IE ) a t d ifferen t 
exposure periods iad ica te  d iffe ren tia l to x ic ity  o f  "Nuvan" to  L iza  parsia 
Presently  on ly  a fe w  reports a re  availab le pertain ing to  this type o f work 
and on "N u van " as given  in  th e  n ex t  paragraph it  is scanty. Though the L C - 
50 fo r  48 hours  was show ing a l it t le  h igher value than the res t (Table 
11: it s tays w ithin the 95% fidu cia l lim its  (F ig . lE ) and supports gradual 
decrease o f  a ll LC50 values by increase o f  tim e.
V erm a ^  (1982) reported  acute tox ic  ranges and LC50 values 
fo r  7 o i^an och lorin e , 14 organophosphorus, and 2 carbam ate pesticides on 
Saccobranchus foss ilis  and found the acute to x ic ity  range o f  6-10 ppm and 
15-20 ppm fo r  D D VP (Nuvan) and malathion respective ly . From  their result 
it was p roved  that m alathion is 2-3 tim es m ore tox ic  to  fishes than DDVP. 
Pal (1983) reported  1.7 ppm and 12.9 ppm o f  DDVP as 48 hr LC5 and 
LC95 fo r  T ila p ia  m ossam bica resp ective ly . Accord ing to  Sailatha ^  ^  
(1981) the com m erc ia l grade malathion was found to be 14.8 tim es m ore  
tox ic  than the techn ica l grade malathion on T ilap ia  mossambica (e.g., 48 
hr LC50 fo r  tgM  5.542 ±  0.04 ppm and fo r  cgM  0.337 ±  0.04 ppm).
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In the present bioassay study 0.75 ppm o f  com m ercia l grade^Nuvan” 
was found as 48 hr LC50 fo r  L iza  parsia. As the reports are not available 
on acu te  to x ic ity  o f  "N uvan" fo r  brackishweter teleosts the present data 
cannot be com pared  w ith  o ther results. Studies undertaken by P rotic  and 
Sabjlic (1989) to  tes t the ab ility  o f  m olecular connectiv ity  model fo r  predict­
ing the le v e l o f  acute to x ic ity  o f  d iffe ren t pollutants have shown that 
the m olecu lar s ize  o f  chem icals  is d irec tly  proportional to  acute tox ic ity .
F rom  th e ir  report it  m ay be said that the aeute tox ic ities  fo r d ifferen t 
chem icals  can not be com pared  d irec tly  without going to  the molecular 
le v e l o f  it .
BiochemicaJ studies:
B iochem ica l studies are  gaining recen tly  a lo i o f  importance as 
ind icators o f  to x ic ity  o r  pollu tion  stress- Bayne (1986) reported  tljat bio­
chem ica l responses can be useful in assessment o f  environmental impact 
on organism  due to  its  increased  s p ec ific ity  and sensitiv ity. The same 
report was supported by Connor and Huggett (1988).
T h e  d a ta  presented  in th e  present investigation  revealed  marked 
fluctuations in the organ ic  constituents o f  muscle and blood serum on acute 
and chron ic exposures to  "N uvan".
D ep le tion  in the muscle protein con ten t on acute (Table 2A and 
3A ) and s u b - a c u t e  (T ab le  4 A ) exposures was observed in the present study. 
S im ilar observations w ere  made by Ramalingam and Ramalingam (1982)
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in Sarotherodon mossambicus exposed to  malathion. They reported the 
conversion  o f  tissue proteins in to soluble fractions reaching the blood for 
u tilisation  a t pestic ida l stress. Ahamad ^  (1978) observed decrease 
in the m antle  protein  in Lam ellidens m arginalis exposed to  suW eth id  
concentrations o f  m alath ion. D ecrease in l iv e r  protein  o f  fishes exposed 
to  m alath ion was also reported  by Mukhopadhyay and Dehadrai (1980),Awasthi
(1984) and Kumar and A lam  Ansari (1986) in C larias batrachus, Channa 
punctatus and Brachydanio re r io  respective ly . Several other investigators 
(M cL eay  and Brown 1974, Panigrahi and Mishra 1980, Sashikala ^.1985, 
Parveen  ^  ^  1987, Sastry ^  1987) have also reported  the depletion 
o f  p ro te in  in fish muscle tissue exposed to  various toxicants. The possible 
causative fa c to r  fo r  such a  decrease may be due to  the extensive  proteolysis 
taking p lace  in the muscle. The decline in muscle tissue protein  in L iza  
parsia fo llo w in g  acu te  and sub-acute exposures to  "Nuvan" in the present 
study m ay be due to  the u tiliza tion  o f muscle protein  under stressed condition 
to  m eet th e increased m etabo lic  demands o f  the animals.
Increase in to ta l f r e e  am ino acids in l iv e r  due to  sub-lethal exposure 
to  m alath ion has been reported  in Brachydanio rerio  by Kumar and Alam 
Ansari (1986). E levation  o f  muscle tissue am ino acids has been studied 
in Sarotherodon mossambicus exposed to  am m onia (SashikaJa ^  ^  1985).
H ow ever, in the present study, e leva tion  o f  to ta l fre e  amino acids in 
muscle tissue on acute exposures to  "Nuvan" was accompanied by decrease 
in the p ro te in  le v e l.  I t  m ay be due to  the break down o f  proteins into 
amino ac ids a t p estic ida l stress. But in ease o f  sub-lethal exposures the
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dep letion  o f  to ta l fr e e  am ino acids was observed in itia lly  fo llow ed  by the 
gradual e le va t ion  (Tab le  4B). The dep letion  may be due to  the conversion 
o f  am ino acids in to  glucose in the process o f  gluconeogenesis follow ed 
by ox ida tion  to  C O 2 v ia  the tr ica rboxy lic  acid  cyc le  (Lehninger 1975).
As the anim als in the present study w ere  fed  daily w ith  pelle t feed, 
Lehn inger's  assumption m ay not hold good, and the possible reason may 
be the o x id a tiv e  de-am ination  o f  am ino acids. L a tte r increase may be 
re la ted  to  the p roteo lysis  o f  proteins and peptides by p ro teo ly tic  enzymes 
to  am ino acids fo r  energy  production a t biom olecular leve l.
M ustafa  (1977) work ing on the m aturation stress in C larias batrachus, 
reported  a decrease  in the R N A  content o f  skeleta l muscle. He suggested 
that th is d ecrease  was due to  the food  deprivation  lead ing to  depletion 
o f  ce llu la r com ponents which accom panied maturation o f  fish. Decrease 
in R N A  con ten t o f  l iv e r  o f  fish subjected to  sub-lethal concentration o f 
Cadmium was reported  in Channa punctatus (Dubale and Shah 1981a).
A  d ecrease  in R N A  o f  l iv e r  was reported  in Brachydanio rerio  sub-lethally 
exposed to  m alath ion in 1986 by Kumar and A lam  Ansari  ^ The decrease
in R N A  o f  muscle tissue fo llow in g  acute (Tab le  2C and 3C ) and sub-acute 
(T ab le  4 C ) exposure to  "N uvan " in the present study may be due to  food 
dep riva tion  in fishes during le th a l exposures and reduction in apetite  during 
su W eth a l exposures. The decrease o f  p rote in  content o f  muscle as already 
dea lt w ith  e a r ly  was observed  in the present study. As R N A  has d irect 
re lation  w ith  prote in  con ten t, i t  m ay be concluded that the reduction o f 
R N A  was due to  the p roteo lysis  o f  p rote in  by releasing the components
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to  the blood rather than the protein synthesis. The statem ent "Growth 
in term  o f  accum ulation o f  protein is always accomplished by high turn­
o ve r  ra te  o f  R N A  concentration  which is a prime fac to r o f protein synthesis 
m achinery" by Buckley (1984) supports the possible cause given  for the 
reduction  o f  R N A  content in the present study.
Increase in D N A  concentration o f  body tissues has been reported 
by M ustafa (1977) in C larias batrachus. Accord ing to  him the depletion 
o f  ce llu la r components leads to  reduction in the weights o f individual cells 
and decline in the cytop lasm ic volume. As a result o f  this a large number 
o f  ce lls  are  required to  make a given weight o f  muscle tissue sample and 
thus D N A  per unit weight increases. That the concentration o f D NA in 
a g iven  w eigh t o f  tissue is related to  the number o f  cells contained ni 
it  has been established ea r lie r  (Bulow 1970). Besides this, the depletion 
o f  ce llu la r constituents is also understood to  cause shrinkage o f the cells  
which in turn brings the c e ll nuclei in to grea ter proxim ity. Therefore, 
it  is qu ite  lo g ica l to  exp ect that the increase in the concentration o f nuclei 
also increases the D N A  concentration  per unit weight o f  the tissue. Denizeau 
and M arion (1984), Stueber and Zahn (1985), and Kumar and Alam Ansari
(1986) have reported  the inhibition o f  D N A  in liv e r  o f  fishes exposed to 
d iffe ren t pestic ides. In the present study, both in acute (Tab le  2D and 
3D) and sub-lethal (Tab le  4D ) exposures the e levation  o f  D N A  content in 
muscle tissue was observed. The possible reason fo r this may be the star­
vation  o f  anim als in acu te  to x ic ity  te s t and sign ificant e f fe c t  o f  "Nuvan" 
in both acu te  and sub-lethal experim ents.
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G rowth  is gen era lly  fa s ter in early  phases o f  the l i fe  cyc le  o f animals 
(D agg and L itt lep ag e  1972). There fore  sm all animals w ith high R N A -D N A  
ra tio  would be expected  to  grow  at fas ter ra te  than those o f  low er ratio.
The d ecrease  in R N A -D N A  ra tio  fo llow in g  acute and suW ethal exposures 
to  "N uvan " is observed in present investigation (Table 2J, 3J and 4J) and 
the decrease was maximum fo r  the animals in acute exposure. Gradual 
decrease w ith  increase in concentration and exposure period was observed 
in chron ic experim ent. In contro l the reduction in ra tio  may be related 
to  the starved  condition o f  fishes. In a ll the exposures the reduction in 
R N A -D N A  ra tio  may be re la ted  to the red u ction  in growth rates. Maintenance 
o f  the high R N A -D N A  ra tio  and continuity o f  growth at fa - te r  rate also 
depend upon the ava ilab ility  o f su ffic ien t food  (Buckley 1979). The non­
a va ila b ility  o f  food  to  experim ental animals may be a reason fo r  reduction 
o f  R N A -D N A  ra tio  in the present acute exposure experim ent also. Bulow 
(1970) had proved  the R N A -D N A  ra tio  as the sensitive indicator o f  growth 
ra tes  o f  a fish. A ccord in g  to  him the ra tio  and grow th rates have the 
d irec t relationship. W ith no work other than the present one on exposure 
o f  fish  to  pestic ide  to x ic ity  further comparison is not possible.
Shakoori ^  (1976) noticed  a increase o f  serum protein  in Channa 
punctatus (b loch ) exposed to  acute and sub-acute leve ls  o f  malathion, dieldrin 
and endrin. S im ilar results w ere obtained by D iM ichele and Taylor (1978) 
in Fundulus h eteroc litu s  exposed to  low  le ve ls  o f  napthalene and they suggest­
ed that the increase m ight be due to  the m etabolic stress a t exposures.
In Carp, exposed  to  "A roch lo r 1248", I t o  and M urata (1980) have reported
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increase in serum protein . They have mentioned that increased globulin 
content accounted fo r  the increased to ta l protein content. E levation in 
plasma protein  concentration  has been reported  by O ikari ^  ^  (1983) 
in the ir work on Sal mo ga irdneri exposed to  acute leve ls  o f  dehydroabietic 
acid  (D H A A ). They fe l t  that this was due to  the increased content o f 
globulin in the plasma. The increased serum protein in L iza  parsia exposed 
to  96 hr LC50 fo r  24, 48 and 72 hours (Tab le  2E), chronically to  1/5th, 
1/10th and 1/15th 96 hr LC50 fo r 15 days and in 1/15th 96 hr LC50, 
1/lOth 96 hr LC50 fo r 30 days (Tab le 4E) in the current investigation may 
also be re la ted  to  the possible cause reported  by D iM ichele and Taylor 
(1978), and Ito  and Murata (1980).
T o ta l protein  leve ls  o f  serum decreased in Channa punctatus chroni­
ca lly  exposed to  endosulphan (Sastry and Siddiqui 1983) and it  was reported 
to be due to  low  assim ilation  o f  food. Reduced serum protein  was observed 
in Ictalurus> punctatus exposed to  acute le v e l o f  "A roch lor 1254" and was 
explained Cam p ^  ^ , (1 9 7 4 )  to  be due to  an attendant reduction in the 
album in-globulin ratio . Changes in quantity o f  serum proteins o f Catla 
ca tla  a f t e r  0.5 ppm m ercury trea tm en t was reported  by Rai (1987). Several 
other in vestiga tors  (N ew C om b  1974, O ikari and Soivio 1977, and Saxena 
and Mani 1985) have reported  the dep letion  o f  plasma protein  in fish exposed 
to various tox ican ts . The decrease  in prote in  le v e l o f  serum in acute (Table 
2E and 3E) and sub-lethal (T ab le  4E) exposures fo r  longer duration in present 
study m ay also be due to  the low  assim ilation  o f  food, inhibition in amino 
acids uptake fo r  prote in  synthesis, or low  le ve ls  o f  albumin and globulin 
content in blood.
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Increased to ta l fre e  amino acids in blood serum was observed in 
C larias batrachus a fte r  sub-lethal exposure to  malathion (Mukhopadhyay 
and Dehadrai 1980). S im ilar resu lt was obtained in blood by Dabrowska 
and W alasow (1986) in Cyprinus carpio exposed to  sub-lethal concentration 
o f  am m onia. The increase in to ta l fre e  am ino acids in plasma in the present 
study a fte r  exposure to  96 hr LC50 upto 72 hours (Table 2F) and longer 
period in  sub-lethal concentrations (Tab le  4 F )m a y  be due to  the breakdown 
o f  p rote in  in muscle tissue releasing the am ino acids to  the blood stream. 
But in a ll 4 le th a l exposures (Tab le  3F) and in short duration to  sub-lethal 
concentration  (Tab le 4F) the depletion o f  amino acids content in serum 
was observed in the present work. This may be due to  the withdrawl 
o f  am ino acids from  blood stream  to  the surrounding a c tiv e  tissues for 
the energy  production or fo r  the protein  synthesis needed in production 
o f  d e to x ify in g  enzym es at pestic ida l stress as reported by Ramaswamy
(1987) in Sarotherodon mossambicus a fte r  acu te  exposure to  "sevin ". The 
decrease in fr e e  am ino acids in blood also reported by Shakoori ^  
(1976) a f t e r  acute exposure to  malathion, dieldrin, and endrin in Channa 
punctatus (B loch ).
E levation s  in the serum acid  phosphatase on acute (Tab le 2G and 
3G) and sub-acute (T ab le  4 G ) exposures w ere  observed in  the present study.
S im ilar observa tion  was made by DaJela ^  (1980b) in blood serum o f 
N otopterus notopterus exposed to  sub-lethal concentration o f  phenolic comp­
ounds and by Sharma ^  (1982) in Heteropneustes: fos_silis under sui>- 
lethal s tress o f  Congo Red (D iphenyl d isazo binapthionic acid ). Verma
7tt
^  (1984) also reported  an increase o f  serum acid phosphatase in Mystus 
v itta tu s  during sub-acute (1/5th, 1/lOth, l/15th 96 hr LC50) exposures to 
th iotox, d ich lorvos, earbofuran and the ir th ree combinations. In freshwater 
prawn M acrobraehium  lam arre i the e leva tion  o f acid phosphatase ac tiv ity  
has been recorded  by Shukla and Shukla (1985) a fte r  sub-lethal dichlorvos 
exposure under s ta tic  conditions. Sastry and Siddiqui (1983) reported the 
h i^ e r  le v e l o f  la c tic  acid  in blood o f  Channa punctatus chron ically exposed 
to  endosulphan and thus reduces the pH o f  blood. Reports on stimulations 
o f  acid  phosphatase in acute tox ic ities  are  scanty. In present investigation, 
the e leva tion  in the ac id  phosphatase in serum may be due to  the low 
pH o f  blood. The low  pH o f  tes t m edia (e .g ., 5.5) also may be a cause 
to  reduce the pH o f  blood through diffusion.
In degenerating or dam aged cells  the a c t iv ity  o f  m etabolites is less 
as a lkaline phosphatases are  involved in anabolic processes. As a group 
o f  hydrolysing enzym es, a t stress it  a f f e c t s  the digestion, interm ediary 
m etabolism , and membrane transport. Increase in alkaline phosphatases 
due to  pollu tion  stress has been studied in fishes by a number o f workers 
(Ito  and M urata 1980, Sha ffi 1980, Sharma ^  1982, and Verma £ t 
1984). In con trast to  these reports, decrease in serum alkaline phosphatase 
o f  fishes  subjected to  sub-lethal exposure o f  n itrogen supersaturation was 
reported  in juven ile  steelhead  trout Salm o gairdneri (N ew Com b 1974).
In fishes subjected to  sub-lethal concentration  o f  organochlorine, organo- 
phosphate, and phenylcarbam atic pestic ide, the inhibition o f  alkaline phospha - 
tase has been reported  in Barbus stigm a by K h illa re and Wagh (1988).Reduction
o f  a lka line phosphatase in the liv e r  and kidney o f  Nertiacheilus denisonii 
exposed to  acu te  concentration  o f  phosphamidon was reported by Rashatwar 
and Ilyas (1984). The inhibition o f  alkaline phosphatase a c tiv ity  was recorded 
in a fresh w a ter prawn Macrobrachium lam arrei a fte r  sub-lethal dichlorvos 
exposure under s ta t ic  condition by Shukla and Shukla (1985). In all the 
above cases the inhibition was brought about by the fa ll o f  pH in blood 
fo llo w in g  the rupture o f  tissue membrane. The same may be the cause 
fo r  the reduction  o f  a lkaline phosphatase in the serum o f L iza  parsia in 
the p resen t study in both le th a l (Tab le  2H and 3H) and sub-lethal (Table 
4H) exposures.
Phys io log ica l studies;
The inh ibition in resp iration  and death o f  fish due to  anoxia has 
been reported  in fathead  minnow (P im ephales prom elas) exposed to  chloramine 
by G rothe and Eaton (1975). These investiga tors  suggested that the cause 
o f  ch loram ine induced  death in fish was probably associated w ith "methemo­
glob inem ia ". The form ation  o f m ethem oglobin resulted from  chloramine- 
induced ox idation  o f  red  c e lls  as they pass through the g ills  o f  the fish 
and can no longer d e liv e r  an adequate supply o f  oxygen to  the tissues thus 
resu lting the reduction  o f  oxygen  uptake and death. Tsai and Mckee (1980) 
work ing on the acu te  to x ic ity  o f  chloram ines, copper, and linear alkylate 
su lfonate  on Carassius auratus noted the diminishing o f  oxygen uptake due 
to  the ox ida tion  o f  haemoglobin to  m ethem oglobin resu lting in the death 
o f  fish  from  anoxia. S evera l other investigators (L ee  ^  1975, Lingaraj 
and Venugopalan 1978, Singh and Singh 1979, Rao ^  a l. 1980, Skadsen
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Bakthavathsalam  and Srinivasa Reddy 1985 and Pal and Konar
(1985) have a lso  reported  the decrease in oxygen  uptake o ve r  control In 
fishes exposed  to  various tox ican ts. The cause reported  by Tsai and Mckee 
(1980) m ay be the possible explanation fo r  the decrease in oxygen uptake 
in L iza  parsia  exposed to  4 le th a l concentrations (Tab le  31).
Jaw a le  (1985) reported  a ll pestic ides to  increase m etabolic rate 
o f  fish o v e r  th e  con tro l a t LC50 concentrations in itia lly  fo llow ed  by sudden 
decrease  and death . His results w ere  based on the use o f  DDT, endosulphan, 
rogor and d im ecron  on the metabolism  o f  fish Rosbora danieonius. Brafield  
and M atth iessen  (1976) observed the oxygen  uptake trend to  rise and then 
becom e e x tre m e ly  e rra t ic  and declii. ng as death  approaches in fish 
G asterosteus aculeatus exposed to  Zinc; Increasing respiration ra te  in fish 
M acropetrus sa lm oides exposed to  pentachlorophenol (P C P ) has been reported 
by M athers e t  aL  1985. They suggested that P C P  caused genera l m etabolic 
stress by uncoupling ox ida tive  phosphorylation in fishes. In the present 
study the resu lts  fo r  oxygen uptake in 96 hr LC50 experim ent obtained 
(Tab le  21) is sam e as the resu lt o f  B ra fie ld  and M atthiessen (1976) but 
the possib le reasons are  not c lea r ly  known. In itia l increase however, may 
be due to  increased  a c t iv ity  to  overcom e the stress. But la te r  decrease 
may be due to  anoxia esp ec ia lly  o f  the brain cells .
Increased  0 „  uptake was observed in sockeye salmon exposed to
L
sub-lethal con cen tra tion  o f  bleached k ra ft pulp m ill e fflu en t -  BKME(Davis 
1973). H e  in d ica ted  that the arteria l oxygen  tension in sockeye salmon
declined rap id ly  and remains depressed fo llow in g  upto 24 hr exposure to 
BKME (33-47% o f  4 day LC50). On an average  according to him the decline 
represented a 20% decrease in oxygen saturation o f the blood and decreased 
a r te r ia l oxygen  tension increases the oxygen  uptake through the gills to 
m aintain the equilibrium . Sastry and Siddiqui (1983) reported the high 
le v e l o f  la c t ic  acid  and haemoglobin in b lood o f  Channa punctatus chronically 
exposed to  endosulphan. The low ering o f  pH by la c tic  acid may be a cause 
fo r  the increased con ten t o f  haemoglobin. In the present study higher 
acid phosphatase content (Tab le  4G) was observed in blood serum o f  L iza  
parsia chron ica lly  exposed to  "Nuvan". The lowering o f blood pH (Table 
4G) by acid phosphatase may be a cause fo r  the increased haemoglobin 
cont^^nt which increases the oxygen carry ing capacity o f blood. Baktha- 
vathsalam and Srinivasa Reddy (1983) reported  that the increase in oxygen 
consumption a t higher concentration was low er than those in low er concent­
ration  in Anabas testudineus chronically exposed to  lindane. Oxygen uptake 
was s ign ifican tly  decreased at higher concentration and highly elevated  
a t lo w e r  concentrations o f  phenol on fishes was observed by Gupta (1987).
R eports  o f  Bakthavathsalam and Srinivasa Reddy (1983) and Gupta (1987) 
support the resu lts obta ined in  the present study at chronic stress on fish.
H is to log ica l studies;
Disturbance in orien tation  o f  hepatocytes and hepatic ducts o f  liver, 
their loose  arrangem ent and vacuolation  w ere  observed in the present study 
both in acu te  and sut>-lethal exposures o f  L iza  parsia to  "Nuvan". Casillas 
^  (1983) reported  the disturbance in the orientation o f  hepatic ducts
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in liv e r  sections o f Parophrys vetulus exposed to  lethal concentrations o f 
earbontetracliloride. They opined that the destruction o f connective tissue 
m ay be the possible cause fo r  the study. Konar (1977) in his study on 
the e f f e c t  o f  acute exposure o f  phosphamidon, hepatochlor on Heteropneustes 
fossilis  and Labeo roh ita  observed vacuolation, degeneration o f  cytoplasm 
and sw e llin g  o f  hepatocytes in liv e r  sections o f  both the species. The 
vacuolation  in liv e r  also reported  by Razani ^  ^  (1986) in Brachydanio 
re r io  ch ron ica lly  exposed to  phenol compounds. Sastry and Malik (1979)have 
observed the vacuolation  o f  cytoplasm  o f  hepatocytes and enlargement 
o f  n u c le i o f  Channa punctatus  a fte r  sub-lethal exposure to  dimecron.
In the present observation the vacuolar degeneration  o f  cytoplasm  o f  hepato­
cy tes  m ay be re la ted  to  the reports o f  Konar (1977). Observations o f 
S lo o ff ^  (1983) s i^ ges ted  that the enlargem ent o f  liv e r  o f  fish from 
pollu ted su rface w ater in the Netherlands was mainly caused by hypertrophy 
o f  h epatocy tes . S im ilarly  hypertrophy o f  liv e r  ce lls  was observed in the 
present investiga tion  as in the case o f  ca tfish  exposed to  heptachlor reported 
by Konar (1977). Such increase in s ize  or sw elling o f  ce lls  is one o f the 
ea r lie s t recogn izab le  even ts  fo llow in g  stress or injury which may lead to  
disruption o f  its norm al physio logica l function.
Gupta and D ale la  (1987) reported  h isto log ica l changes in kidney o f  
N otopterus notopterus including degeneration  and disolution o f  epithelial 
ce lls  o f  renal tubules, hypertrophy and necrosis fo llow ing sub-lethal exposure 
to  phenolic  compounds. S im ilar observations w ere  made by Csepai (1978) 
in Cyprinus carp io  ch ron ica lly  exposed to  Anthio 40 EC, Satox 20 WSC,
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and Basudin 10G. Vacuolation o f renal cells  and enlargement o f renal 
tubules were reported by Konar (1977) in kidney sections o f  Heteropneustes 
fossllis and Labeo roh ita chronically exposed to  DDVP, phospamidon and 
heptaehlor. In his study the possible causes for h istological disorders are 
not reported . In the present study also, like Konar (1977) the vacuolation 
o f  renal ce lls  o f  kidney in L iza  parsia chronically exposed to  "Nuvan" 
cannot be re la ted  to  any particu lar reason. The deform ation o f  renal tubules 
was observed  by Bakthavathsalam ^  (1984) on Anabas testudineus chroni- 
caUy exposed to  Furadon. Radhaiah ^  ^ .(1 9 8 6 ) reported pronounced histo- 
patho log ica l changes in T ilap ia  mossambica exposed for longer periods in 
sub-lethal concentration  o f  heptochlor. A cco rd in g  to  Dubale and Shah (1981b) 
h isto log ica l study revea led  that, in genera l, the process o f  destruction was 
the function  o f  dosages and period o f  exposure and also opined that the 
renal tubules o f  kidney are the firs t to  be a ffec ted  at pesticidal stress.
Rashatw ar and Ilyas (1984) reported  the h istopathological changes in kidney 
lead ing to  the c lou d y  sw ellin g  o f renal tubules in a freshwater te leost 
Nem acheilus denisonii acu te ly  exposed to  phosphamidon. In the present 
study also the sw elling o f  renal tubules in acute exposures was noticed.
The pronounced changes observed in the h istologica l sections at higher 
sub-lethal concentration  and prolonged exposure period is  supported by the 
observations o f  Dubale and Shah (1981b).
The present study is o f  short duration. For long-term  e ffe c ts  further 
long duration experim ents are needed. H ow ever, the pesticide having found
so
to  a f fe c t  and a lter the physiology, biochem istry and h istology o f the fish 
even durir^ short-term  exposure, it  indicates need for carefu l use o f  it 
in the cu lture systems. For instance, changes in the amino acids and protein 
o f  blood serum appear to  be not significant between control and exposure 
in the 96 hour letha l concentration tests. But in 45 days exposure to  even 
sut>-lethal concentrations they seem to  be highly significant ind icatii^  harm 
to  the fishes.
1. The to x ic ity  o f  "Nuvan" to  L iza  parsia was evaluated by using static 
bioassay test. The LC50 values were found to  be 1.015 ppm, 0.750 ppm, 
0.554 ppm and 0.482 ppm for 24, 48, 72 and 96 hours respectively. Results 
o f  com p u ter analyses were ta llying well with graphical presentation.
2. The fishes subjected to  96 hr LC50 (0.48 ppm) fo r 24, 48, 72 and 
96 hours; letha l concentrations o f 1.015 ppm, 0.750 ppm and 0.554 ppm 
for 24, 48 and 72 hours respective ly  and to  sub-lethal concentrations o f 
1/15th 96 hr LC  50 , 1/10th 96 hr LC50 and 1/5th 96 hr LC50 for 15, 
30 and 45 days, ' ore used in b iochem ical and physiological studies. The 
variations in protein, to ta l free  amino acids, R N A  and D NA content o f  
muscle; protein, to ta l fre e  am ino acids, acid phosphatase and alkaline phos­
phatase o f  blood serum; and oxygen consumption o f fish w/ere studied. 
L iver and kidney tissue sections were taken for h istologica l observations.
3. A  drop in protein  content o f muscle tissue was noted in fishes subje­
c ted  to acute and chronic tox ic ities  o f  "Nuvan". The reverse relationship 
was seen fo r  muscle tissue to ta l free  am ino acids in acute tox ic ity  tests 
but marked fluctuations were found out in sub-lethal exposures for varying 
periods.
4. There was a decrease in muscle tissue R N A , but increase in muscle 
tissue D N A  conten t o f  fishes exposed to le th a l and sub-lethal concentrations.
S U M M A R Y
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5, In itia l increase in serum protein upto 72 hours in 96 tir LC50 experi­
ment and drop in the content was observed fo r a ll lethal concentrations.
The s im ilar result was noted fo r serum to ta l free  amino acids in acute 
exposures. But marked fluctuations were observed for protein and total 
fre e  am ino acids o f  serum in chronic exposures.
6. Exposure to  le th a l and sut)-lethal concentrations resulted In the e le­
vation  o f  acid  phosphatase and depletion o f  alkaline phosphatase in blood 
serum o f  fish.
7. In itia l increase fo llow ed  by decrease in oxygen consumption o f fishes 
was noted  in 96 hr LC50 experim ent. But fishes exposed to  a ll four lethal 
concentrations showed decrease o f oxygen consumption over control. In 
sub-lethal exposures the increase in oxygen consumption at higher concent­
ration was low er than those in low er concentrations.
8. Letha l and sub-lethal exposures to  "Nuvan" resulted in histological 
disorders such as vacuolation , disorganisation in the arch itecture o f  hepatic 
ducts o f  l iv e r  tissue and en largem ent o f renal tubules and displacement 
o f  ep ith e lia l ce lls  in k idney sections.
9. The pestic ide  shows sign ifican t varia tion  in physiological conditions 
in fishes sub jected  to  45 days o f  exposure to  sub-2ethal concentrations 
o f  96 hr LC50 value. Further long duration study is needed to find out 
long-term  e f fe c t s  o f  "N uvan” on the fish.
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